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CHANGES WROUGHT IN THE GRAPEFRUIT IN THE 
PROCESS OF MATURATION. 


PART II.—FACTORS AFFECTING THE COMPOSITION OF THE FRUIT. 
INTRODUCTION. 


In Part I of this work an account has been given of the natural 
changes occurring in the composition of the fruit as it hangs on 
the tree under natural conditions, with hardly any reference to 
the factors, natural or otherwise, that may affect this composition 
aside from the brief reference made to rainfall. 

The factors affecting these natural changes as well as the changes 
undergone by the fruit after it has been separated from the tree 
and the conditions affecting these latter changes will now be taken 
in consideration. 

They will be discussed under the same numbers and in the 
order in which they appeared in Vol. IV, No. 4 of this JourNAL, 
p. 8; to wit, 

5. Influence of rainfall on the ratio and rate of maturity of 
the fruit. 

6. Influence of the type of soil on the composition of the fruit. 

7. Relation of soil composition to quality of fruit. 

8. Effect of storing and sweating the fruit on its composition 
and quality. 

INFLUENCE OF RAINFALL. 


Comparing the behavior of the Duncan fruit during successive 
seasons we find the following average composition: 


TABLE No. 1. 


Percent | Percent | Ratio of| Invert | Total Cane 
Season. solidsin| citric | solidsto| sugar | sugar sugar 
ent. juice. acid. acid. per cent.|per cent.| per cent. 
| 
1916-17 __] 602.3 | 28.25 | 43.57 | 8.7 1. 205 7.23 | 3.045 | 5.258 1. 448 
1917-18 __| 573.0 | 24.39 | 38.97 9.24 | 1.255 7. 63 
1918-19 __| 486.0 | 26.47 | 42.25 9.38 | 1.164 8.06 | 3.298 | 6.078 2. 64 


The averages for the seasons 1917-18 and 1918-19 show less 
weight per fruit, less juice, more solids in solution in the juice, 


1Part I of this work appeared in THE JOURNAL OF THE DEPARTMENT OF AGRICUIr 
TURE OF Porto Rico, Vol. IV, No. 4, October 1920. 
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and a higher ratio of solids to acids than the averages for the 
season 1916 to 1917. In previous paragraphs attention was called 
to the differences between the averages for Duncan and Marsh 
Seedless fruits for the seasons 1916-17 and 1917-18 and the fact 
was revealed that both these varieties showed differences in the 
items indicated above when the results for the two seasons were 
compared. It was then intimated that weather conditions might be 
responsible, at least in part, for these variations. Also the fact 
that the same trees were not used consecutively through succeeding 
seasons was brought out as another contributive cause to the va- 
riation. The averages of the trees that were used consecutively 
and the precipitation data for the period of time involved will 
now be presented. 

The data concerning the trees _ were used continuously from 
1916 to 1918 were already given on page 64. So that only the ad- 
ditional data required, referring to trees used both during the season 
1917-18 and 1918-19, will now be presented. The trees concerned 


were: 


assigned assigne 
Owner or manager of plantation. totree | to tree 

|1917-18. 1918-19. 


E. D. Stevens 4 | 12 

M. L. David 6 14 

W. K. Kaehrle 8 18 
TaBLE No. 2. 


AVERAGES FOR EACH TREE PER SEASON. 


Tree No. or 12. 


| 
1917-18 | 1918-19 | 1917-18 | 1918-19 


| Tree No. 6 or 14, F | Tree No. 8 or 18, 


1917-18 | 1918-19 


Average weight in grams! 574. 88 584. 77 449. 89 386. 86 632. 45 494, 43 


Per cent skin.......... 22.10 24.41 24.12 27. 05 25. 07 27.14 
Per cent juice _....... 41. 65 40. 97 38.79 44. 23 37. 32 42. 64 
Per cent solids in juice_ 8. 814 8. 80 9. 76 10. 26 9.49 8.41 
rer cont acid... 0. 9888 0. 9972 1. 356 1. 226 1. 416 1. 041 
Ratio of solids to acid__ 8.91 8. 82 7.19 8. 36 6.70 8. 07 


AVERAGES FOR ALL TREES PER SEASON. 


Average P | P Per cent Pp Ratio of 
Season. weight in| Percent Percent | ooidsin | Percent | solids to 
skin. | juice. juice. acid. 
1917-18 552. 40 23.75 89.25 9. 354 1. 253 7.46 
1918-19 388. 68 26. 20 42. 62 9.156 1. 088 8. 41 


From the above tables it may be seen that the same trees had 
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a tendency to have more juice during the season 1918-19, but they 
had much less weight per fruit and a higher ratio and higher per- 
centage of skin, while the percentage of solids and acids was a 
little lower. 

The results for 1918 bear also the same relations to those of 
1917 already pointed out. (See page 2.) 

The precipitation data here presented have been taken from the 
reports of the Porto Rico Section, Weather Bureau of the United 
States Department of Agriculture. Only the data referring to the 
Northern division, where all of the groves sampled lie, have been 
taken in consideration. 

The periods of time covered have been from March of one year 
to March of the succeeding year inclusive, as this was approxi- 
mately the period covered by the development of the fruit from bloom 
until the last samples were picked. Hewever, the precipitation for 
the period covered by the fruit from blooming time to complete 
development of the fruit, that is from March to October of the same 
year, has also been considered. : 


| Precipitation in 

eriod, 

| Mean per 

Total. | month, 


March 1916 to March 1917, 6. 53 
76. 82 5.91 


March 1917 to March 1918, L 5 
March 1918 to March 1919, inclusive___-_-- 59. 69 5. 59 
March 1916 to October 1916, inclusive____~_ 66. 58 8. 32 
March 1917 to October 1917, inclusive = 


March 1678 to October 1979. inclusive. 


The divergence prevailing between the amount of rainfall which 
obtained for the season 1916 to 1917 and for the two consecutive 
seasons 1917 to 1919 is evident. This is especially to be noted if 
the periods from March to October of each year are compared, and 
this was the time when the rainfall was bound to influence most 
the composition of the fruit, as it was really the formative period. 
From these figures we find that there was much more rain‘all in 
1916 than in 1917 or 1918 and that the precipitation for the period 
of observation for the last two years was very nearly the same. 
This explains, although, possibly, only partially, the difference 
noted in the composition of the fruit sampled during 1916-17 as 
compared with the fruit picked on the two succeeding seasons. 

It is true that the rainfall data herein reported do not explain 
consistently the differences noticed among the fruit of the two latter 
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seasons, but the fact that the two sets of figures differ from the 
1916-17 averages in the same order, although within different ranges, 
is rather significant. 

The indication is, then, that the amount of rainfall has an in- 
fluence on the composition of the fruit, in that there is more juice 
developed with a lower concentration of solids in solution and a 
lower ratio of solids to acids during rainy seasons. This does not 
seem to be a case of simple dilution of the fruit juice due to an 
excess of water absorption, for if it were so, the ratio would not 
be affected. The rate of formation of solids seems to be influenced 
by this disturbance. In connection with this, it is well to remark 
that the 1916-17 fruit, in general, reached maturity rather late in 
the season, the first average ratio of 7 not appearing in the Duncan 
fruit until November 3rd and in the Marsh’s seedless until November 
21st (excepting the sample picked on September 22nd for reasons 
already stated), while in the 1917-18 crops the Duncan fruit showed 
a ratio of 7 with the first sample picked on September 21st, and 
the Marsh’s seedless in October 21st. The 1918-19 crop came to 
raaturity promptly also, as the first sample picked on October 28th, 
had a ratio of 7.509. There was considerable fruit with a ratio of 
7 which was picked and shipped during September, but no samples 
were collected during this month. 


INFLUENCE OF 


This factor was studied regardless of the fertilizers applied; how- 
ever, it should be borne in mind that the figures presented represent 
a liberal assortment of conditions through a number of years, and 
that in a general way, the fertilizers applied have not varied much 
due to the fact that standard formulas introduced by the Fruit 
Exchange have been widely used. Besides, any differences that 
might have occurred have been probably mostly offset by the number 
of plantations and the number of years through which these tests 
have been made. It should also be stated that so far it has not 
been definitely proven that fertilizers affect to a very large extent 
the composition of the fruit. In fact, C. F. Kinman, in his bulle- 
tin on ‘‘Citrus Fertilization Experiments in Porto Rico,’’? main- 
tains that fertilizers had no effect on the quality of the fruit in his 
experiments. 


1“Citrus Fertilization Experiments in Porto Rico,” by C. F. Kinman, Horticulturist— 
Bulletin No. 18 of the Porto Rico Agricultural Experiment Station, Mayagiiez. 
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INFLUENCE OF TYPE OF SOIL ON THE QUALITY OF THE FRUIT. 


Mr. Cady in his records, after stating that on September 20th 
and October 4th and 18th grapefruit was tested from forty-nine 
different groves, and giving the averages obtained in these tests 
expressed the following conclusion : 

‘‘These analyses also show that ‘Dunean’ fruit grown on sandy loam has 


a higher ratio than when grown on elay loam or sandy soil. The ratio for Dun- 
ean fruit grown on sandy, elay or clay loam, average about the same.’’ 


There were not sufficient samples of ‘‘Marsh Seedless’’ to form 
any definite conclusions as to the soil best suited for the production 
of the best fruit. The work that has been done seems to point to 
sandy loam, as with the ‘‘Dunean.”’ 

To test this conclusion further, as well as to gain an idea of the 
effect of soil type on other constituents of the fruit, the data obtained 
on the trees tested on the succeeding seasons were grouped separately 
according as the soil was predominately clay or sandy. No attempt 
was made to differentiate between clay and clay loam, or sandy and 
sandy loam, but it was thought preferable to simplify matters and 
group together the results obtained with trees on sandy soil and 
sandy loam on the one hand, and clay soil and clay laom on the 
other. 

All the fruits used for these comparisons have been of the 
“Dunean”’ variety. 

Below are given tables representing the composition of the fruit 
grown in the two types of soils, by months and by seasons. 

In these two tables, as well as in succeeding ones, the percent- 
ages of the different contents in one table for each date specified 
have been compared with the corresponding percentages on the same 
date in the other table. For example, the percentage of skin found 
on fruit raised in clay soil for the period September 16-30, 30.2 
per cent, was compared with the percentage of skin found on fruit 
grown in sandy soil during the same period, September 16-30. 
The greater of the two figures has always been marked with a plus 
(+) sign and the Jesser with a minus (—) sign. Where the two 
figures have been regarded as equal an equality sign (=) has been 
used on both figures. 

In this way the number of instances that a given ingredient 
has been higher or lower in fruit raised on a certain type of soil as 
compared with fruit raised on another, may be readily ascertained. 
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The tables given for the season 1916-1917 point to the follow- 
ing conclusions : 

1. The percentage of skin has been higher in the fruit from 
clay soil. In four instances in which comparisons have been pos- 
sible, the fruit from the trees growing in clay soil have had a higher 
percentage of skin in three. The average content of skin for the 
season is higher in the fruit from clay soil. The percentage of 
this ingredient, however, showed a decrease toward the end of the 
season in the clay soil, and an increase in the sandy soil. 

2. The percentage of juice was higher in the fruit raised in 
day soil. It was higher in every instance except one, in October. 
Increased in both cases, but to a greater extent in the fruit from 
clay soil. 

3. The percentage of solids has been slightly higher in the fruit 
from sandy soil, having shown up higher in every instance. In both 
eases there was an jncrease in this ingredient as the season advanced, 
but the rate of increase was slightly higher in the fruit from sandy 
soil. 

4. No preponderance can be established in the acid content of 
one fruit upon the other. The difference in averages is only 0.021 
per cent in favor of the sandy soil, and out of six comparisons 
possible, in three cases is this ingredient higher in clay soil and 
lower in three cases, than in sandy soil. The acid decreased in 
both cases; started with a higher percentage in sandy soil, but de- 
ereased at a faster rate in the latter type of soil. 

5. The ratio of solids to acids was higher in fruit from sandy 
soil. It was higher in every case in which they were compared 
except one, in September. This ratio increased in both cases but 
at a faster rate in sandy soil. 

6. The percentage of total sugars was a little higher in sandy 
soil, being higher in every case in which a comparison was made. 
It was practically constant throughout the season in the fruit from 
clay soil, and increased slightly toward the end of the season in 
sandy soil. 

7. Invert sugar.—This ingredient was present in practically the 
same proportions in both kinds of fruits. 

8. Cane sugars—The percentage of cane sugar was higher in 
sandy soil. It was higher in every instance compared, except in 
September, when the two percentages may be regarded as equal. 
There was much fluctuation in the content of this ingredient in 
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the fruit from clay soil, while it was more uniform, with a slight 
tendency to increase in the fruit from sandy soil. 

The results of this season give a decided advantage to the fruit 
raised in sandy soil on the one raised in clay soil except for the 
juice content. This is in accord with Mr. Cady’s findings. 


TABLE No. 5. 
SHOWING INFLUENCE OF TYPE OF SOIL. 


Constructed from averages of analyses of fruit from different groves 
picked and analyzed on the same date. 
Fruit from trees growing in clay soil. 
Season 1917-18. 
Five samples of 12 fruits each were picked on each of the dates noted below. 


{ 


r Per cent | Per cent | Per cent Per cent . 
Date picked. | skin. juice. solids. acid. Ratio. 
September 21 | —25. 475 | —38.120 | — 9.055 | —1.373 +6. 59 
+23.953 | +47.830 | + 9.676 +1. 339 22 
2. —37. 360 + 9.690 +1. 336 +7. 25 
p +33. 330 + 9. 666 —1. 202 +8. 04 
—39. 566 + 9.616 +1.240 —T. 75 
| +41. 000 +11.100 +1. 550 —7.16 
Averages for the season. —24. 592 | +39. 503 + 9.800 +1. 340 +7. 313 


TABLE No. 6. 


SHOWING INFLUENCE OF TYPE OF SOIL. 


Constructed from averages of analyses of fruit from different groves 
picked and analyzed on the same date. 

Fruit from trees growing in sandy soil. 

Season 1917-18. 

Five samples of 12 fruits each were picked on each of the dates noted below. 


. Per cent Per cent Per cent Per cent 
Date picked. | skin. juice. solids. acid. | Ratio. 
+26. 510 +44. 005 +9. 290 +1. 451 —6. 40 
October 4 23. 6 —38. 540 —8. 843 —1. 217 +7. 25 
October 25 +39. 066 —8. 890 —1. 299 —6. 84 
November 12-17_ 5 —31. 380 —9. 133 +1. 282 —7. 12 
December 10 ; +39. 630 —9. 216 —1. 143 +8. 06 
—26. 500 | —36. 350 —9. 150 —1. 220 +7. 50 
! 
Averages for the season_| +24. 718 | —38.161 | —9.087 | —1.268 | —7.166 
| 


The tables above, giving averages for the season from September 
1917 to January 1918 inclusive, show the following results: 

1. The percentage of skin was nearly the same in the fruit from 
sandy soil as in the fruit from clay soil, being very slightly higher 
in the former. In half of the instances in which comparisons were 
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established, the skin was higher in the fruit from sandy soil, and 
in the other half higher in the fruit from clay soil. It increased 
toward the end of the season in clay soil, and was practically con- 
stant in sandy soil. This is not in accord with the observations 
made the previous year. 

2. Juice—Average content was a little higher in the fruit from 
clay soil, although only in half of the instances in which comparisons 
were established is this preponderance noticeable. The percentage 
of juice increased in clay soil and decreased in sandy soil. These 
cbservations agree partially with those made the previous season. 

3. Solids—Higher in clay soil, in every instance except in Sep- 
tember, and also in the averages. Increased in both, but at a slightly 
greater rate in sandy soil. This last observation agrees with last 
season’s but the first is contrary to last season’s results. 

4, Acid—Higher in clay in four instances out of six and in the 
average. Decreased in both, but at a faster rate in sandy soil. 
This agrees partially with the results obtained the previous season. 

5. Ratio of solids to acids——The average ratio for the season was 
slightly higher in the fruit from clay soil. This gain, however, is 
evident in only half of the comparisons made. Increased at prac- 
tically the same rate in both cases. This does not agree with last 
season’s results. 

This season’s observations do not give any decided advantage 
to one fruit over the other. 


TABLE No. 7. 
SHOWING INFLUENCE OF TYPE OF SOIL. 


Constructed from averages of analyses of fruit from different groves 
picked and analyzed on the same date. 
Fruit from trees standing on sandy soil. 


SEASON 1918-19.1 


| | | | 
Pp Pp r cent | P Percent/ Percent Percent 
Date picked. | Ratio. | invert | cane | total 

| | sugar. | sugar. | sugar. 


| 
October 28___| +25. 840| —8. 796/—1. 1550 ++7..62 
November 12_/+26. 770| 750| —8. 580|—1. 0470| +8.20 |—3. 873|—4. 119|—8. 207 
November 26_|—24. 813] +44. 050] —8. 570/—1. 0430 +8.21 |—1. 819/—2. 570|—4. 525 
December 12_|—25. 390 +45. 060) —8. 630/—1. 0420} +8.28 |+3.163/—2. 592/+5. 890 
January 2___|—23. 706|—40. 210] —8. 600/—0. 9619] +8.94 |—2. 886|+2. 429|—5. 443 
January 20__|—26. 508 +41. 640} —8. 533|—0. 9896] +8.62 |—3. 323]+2. 291/—5. 735 
February 24 _]|—25. 810|—43. 371| —-8. 733|—0. 9213] —9 47 |—3. 733|—1. 933|—5. 768 
Averages for 
the season_|—25. 642|—41. —8. 635/—1. 0228] +8. 442|—3. 236|—2. 557|—5. 928 
| 


1Three samples of 10 fruits each were picked on each one of the dates noted, except 
on October 28th, when only two samples were picked. 
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TaBLeE No. 8. 
SHOWING INFLUENCE OF TYPE OF SOIL. 


Constructed from averages of analyses of fruit from different groves 
picked and analyzed on the same date. 
Fruit from trees standing on clay soil. 
SEASON 1918-19.* 


Per cent | Percent Percent 


| Percent Percent Percent Percent | 


Date picked. skin. juice. solids. acid. | Ratio. invert | cane total 

| sugar. | sugar. — sugar. 

October 28___'!—25. 320! +10. 950 +1. 4810/— 7.39 |+3. 739}_-_____ | 
November 12_ 26. 600|—41. 680) +10. 300,+1. 3570|— 7.59 |+ 4. 213/+4. 337|+8. 779 


241) +2. 747) +5. 136 
2. 688/—5. 577 


+. 9. 390| +1. 3380!— 7,42 |+2 2 
3. 606|—2. 400! +6. 133 
3 


November 26_| 4-24. 996/—41. 820 
December +32. 400,—43. 350| +10. 400| +1. 3940)— 7. 46 


January 2___|+25.940'+43. 800!+ 9. 8.28 |+ 
+3. 713|—2. 237] +6. 069 
+4. 210/ +2. +6. 810 


| 

2 

January 20__| +30. 230!—40. 163/+ 9. 250/-+1.1510;— 8.03 
February 24 4-27. 247! +47. 435) +10. 300) +1. 30 

Averages for | | 


| | | 
the season_| +27. 533| +42. 504) 200} 8. +2. 754 


+6. 421 


?Four samples of 10 fruits each were picked on each one of the dates noted, except 
on October 28th and December 12th when only three samples were obtained. 


During this season from September 1918 to February 1919, the 
results of the analyses performed present the following comparison: 

1. Skin.—Higher in clay soil in five instances out of seven and 
in the average. In this respect results agree with those for 1916- 
1917. 

Increased in clay and was nearly constant in sandy soil. In 
this respect results agree with those of 1917-18. 

2. Juice——Higher in clay soil. This is in agreement with re- 
sults obtained in the two previous seasons. Increased in both cases, 
but at a faster rate in sandy soil, the same as in 1916-1917. This 
gain is shown in four instances out of seven in which a comparison 
was possible. 

3. Solids—Higher in clay, the same as in 1917-18. This pre- 
ponderance is evident in every comparison made, the same as in 
1917 to 1918 except for September. 

Decreased in both cases. 

4. Acid.—Higher in clay, the same as in 1917-18. In every 
instance was the acid of fruit from clay soil higher during this 
season. 

Decreased both in clay and sandy soil, the same as in previous 
seasons. 

5. Ratio of solids to acids——Higher in sandy soil in every instance 


roves 
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except one, the same as in 1916-17. Increased in both cases, but 
at a faster rate in sandy, coinciding again with results for 1916-17. 

6. Total sugars——Higher in clay, opposite to results obtained in 
1916-17. In both cases decreased. 

7. Invert sugar.—Slightly higher in clay soil. Higher in every 
instance except one, in December. 

8. Cane sugar.—Higher in clay be approximately 0.2 per cent. 
Decreased in both kinds of fruit in about the same proportion. 

Having compared the results obtained in each season separately 
it is well now to compare the total averages for the three seasons 
together. 

Two tables are given below, summarizing each the results ob- 
tained with fruits from sandy and from clay soil. The average 
composition of the fruit for each month from September to January 
inclusive, and for all the months through the three seasons are 


given. 
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A study of the figures presented by these tables leads to the 
following conclusions: 

1, Skin.—Higher in clay in the total average, and in every 
monthly average, except in October. 

2. Juice——Higher in clay in the total average, and in every 
monthly average, except September. 

3. Solids—Higher in clay in the total average, and in every 
monthly average, except September. 

4. Acid.—Higher in clay in the total average, and in every 
monthly average, except September. 

5. Rativ.—Slightly higher in sandy soil. Out of five monthly 
averages the ratio is higher in the fruit from the sandy soil in only 
three instances, and in no case does this difference reach 0.6. 

6. Total sugars.—Slightly higher in sandy soils in every monthly 
average, except November. Differences small. 

7. Invert sugar.—Very slightly higher in clay. Practically the 
same in both. 

8. Cane sugar.—Higher in sandy soil, in the total average and 
in three monthly averages. Equal for both types of soils in the 
averages for the months of September and December. 

Considering all the data given above in its entirety, we find a 
tendency on the part of the fruit raised in clay soil to contain more 
juice and more solids and acid in solution in the juice. This fruit 
has generally shown up to be more coarse and sour, as shown by 
the higher percentage of skin and acid. 

The fruit from sandy soil, although containing less juice, ap- 
pears to be of better quality, as shown by the smaller percentage 
of skin, the slightly higher ratio of solids to acids, and higher su- 
crose content. The higher percentage of sucrose in the fruit from 
sandy soil, coupled with the slightly higher content of invert sugar 
in the fruit raised in clay soil, seem to indicate a greater amount 
of inversion in the latter, due, probably, to the higher acid content 
of the fruit from clay soil. 

In connection with these differences it is observed that the skin, 
juice, solids, and acid, do not appear to be higher in the fruit from 
clay soil until after September, or may be October. This indicates 
a lower rate in the formation of these products in trees grown in 


clay soil. 
Again, notice that the total sugars are higher in the fruit from 


the 


ery 
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sandy soil in every monthly average except November, which once 
more shows slowness on the part of fruit from trees growing in clay 
soil to attain their maximum content of the different ingredients. 

The fact that cane sugar becomes equal for both kinds of fruit 
in December, and thereafter appears to be lower in the fruit from 
«ay soil, points again to a more rapid inversion in the fruit from 
this type of soil. 

These general deductions, however, should be taken only as in- 
dications rather than as definite conclusions, as only in the case 
of the juice content were the results uniform throughout the three 
seasons. 

It should be remarked here that these results agree with those 
reported by H. D. Young of the California Agricultural Experiment 
Station, in Vol. VIII, No. 4, pages 135-136 of the Journal of Agri- 
cultural Research, in so far as total sugars and acid are concerned, 
but point to quite different conclusions in regard to juice content. 
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A study of this table will not support any definite conclusions; 
however, it is suggestive of what the conclusions might be if more 
data were available on the subject. For one thing, it shows no 
connection whatever between the amounts of phosphoric acid and 
potash in the soil and the proportions of these ingredients in the 
fruit. To show this more forcibly we have arranged below the 
phosphorie acid and potash contents of the soils in the descending 
order of these ingredients and have placed opposite the correspond- 
ing percentages found in the fruits raised each, thus: 


TABLE No. 12. 


Percentage | Percentage | Parente 
; ge | Percentage 
Tree number. of phos- of phos- Tree number. of potash of potash 
phorie acid} phoric acid 
in soil. | in fruit. || 
| 0. 180 0. 0433 | 0. 085 0. 1455 
|} (0. 114) | (0. 053) 
(0. 150) (0. 007) 
| 
| (0.090) (0. 065) 
0. 109 0. 0422 |) 
(0. 106) | 
(Traces) | (0. 003) 
| Ditto 0.044 | Traces 0.113 
| 
| | Traces | 0. 1368 
| 


As regards nitrogen, however, the fruit grown on the soils higher 
in nitrogen seem to contain more nitrogen than those grown on the 
soils poorer in this ingredient, but only when the differences are 
considerable among the soils, are these effects noticeable in the fruit. 
Averaging again the soils in the descending order of their nitrogen 
content and writing opposite each the nitrogen content of the corre- 


sponding fruit we have: 


Tree number. of ply 
soil. 
0. 42 
12 (0. 13) \ 0. 1036 
0. 
(0. 152) 0. 095 
18-_________________-_---------.- - { (0. 134) 0. 080 
0. 
0.1 
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Considering the nitrogen content of both soil and subsoil, the 
first three soils bave a higher nitrogen content than the last three, 
and the average percentage of nitrogen found in the fruits picked 
from the trees in the first soils is higher than the average found 
in the fruit obtained from the trees in the last three soils. 

Again it should be stated that no account has been taken of the 
fertilizers applied, and that consequently the effect of fertilizers 
may have obscured the effects of the composition of the soil. How. 
ever, as six groves were used in the comparison, it would be very 
significant that precisely in the soils lower in nitrogen should the 
trees receive smaller amounts of nitrogenous fertilizers. 


EFFECT OF CHEMICAL COMPOSITION OF THE SOIL ON THE QUALITY 
OF THE FRUIT. 


No definite relation has been found to exist between the chemical 
composition of the soil and the quality of the fruit. To make this 
record complete, as well as to give support to our statement, a table 
is given below wherein the factors affecting the quality of the fruit 
are given opposite the chemical composition of the soils on which 
the trees stood. In giving the soil analyses only the chief ingre- 
dients are reported. For full analyses of the soils see page 17, 
Part I. 

TaBLE No. 13. 


TABLE ILLUSTRATING THE LACK OF CONNECTION BETWEEN 
CHEMICAL COMPOSITION OF SOIL AND QUALITY OF FRUIT. 


SEASON 1916-17. 


| Chemical composition of soil Factors affecting quality of fruit 
Tree 
Phos- | Ratio 
No, | Nitro- | shoric | Potash | Lime | Juice | Skin | Acid | Solids of sugar 
Raa = acid Per cent Per cent | Per cent | Per cent | Per cent | Per cent Solids 
Per cent | to acid 
A 0.050 0,130 0.100 0.05 | 43,76 29.00 |) 1,247 8.05 6.45 | 4.54 
B 0,120 0.191 0.0097 0.35 | 45.74 | 27.00 1,25 6.75 6.75 | 5.21 
D 0.112 0.191 0.039 0.20 | 42.79 | 29.40! 1,240 8.55 6.89 5.32 
E 0.168 0.606 0.097 0.40 | 38.88 | 25.67 1.270 9.12 7.18 5.87 
G 0.168 0.331 0.174 0.15 | 42,26! 27,27 1,237 9.37 7.58 | 5.95 
I 0.121 0.350 0.019 0.10 | 42.51 27.59 1.124 8.64 7.68 | 5.32 
J 0.214 0.191 none 0.15 | 43,33 | 28.66 1.310 | 8.91 6.77 | 5.47 
N 0.089 0.1000 | 0.0097 0.30! 42.77 | 27.99 1.160 8.62 7.89 5.438 
SEASON 1918-19. 
12 0.42 |; 0,102 | Traces none 40,97 | 24.40 | 0,997 8.80 &, 82 | 5.85 
13 0.42 , 0,102 | Traces none 42,25 | 25.83] 1.031 8.61 835 5.92 
14 0,106 | 0.114 0.0014 | Traces 44.23 | 27.05 | 1,226 10,26 8.36 6.87 
15 0.112! 0.109 | 0.027 | none | 41.88 26.74/ 1.210) 9:50) 7.85 6.69 
16 0.189 | 0.180 0.043 0.221 | 40.01 | 28.07 1,369 | 10.36 7.56 6.78 
18 0.189 1,041 8.41 8.07 6.32 


0,085 42.64 | 27.14 
| | | 
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Errect or StorING THE FRvItT. 


For the purpose of gaining knowledge as to the changes suf- 
fered by the fruit after separating it from the tree, and during 
the time that it may be held in storage, a number of fruits were 
picked from a few plantations, keeping the fruits from the dif- 
ferent plantations in separate batches. Each batch was then di- 
vided into lots of an equal number of fruits each, one lot was 
analyzed immediately, while the others were stored, and one analyzed 
on each sueceeding week. The idea was to compare the results of 
the analyses of the succeeding lots among each other and with that 
of the first. 

Below, three tables are presented, showing the results obtained 
with fruits stored for a period of eight to nine weeks. 
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From the above tables the following one, summarizing the re- 
sults of the three experiments they represent, was constructed by 
averaging the results of the different analyses obtained for fruits 
which had been kept approximately the same number of days. 

These averages, then, approximate the mean comparative com- 
position of fruit stored for different periods of time from one to 
nine weeks. 

With the data given by this table as a basis, the graph which 
accompanies it was drawn, so as to represent more objectively the 
results obtained, 

In these graphs the number of days that the samples were kept 
in storage were taken for abscise, and the percentages found at 
the end of the number of days indicated by the points on the abscise, 
for ordinates. The curves for all of the sugars have been plotted 
together, and those for juice solids, and acid, in another group. 
In the plate for the sugar curves the ratios of invert sugar to suc- 
rose have been shown by vertical lines erected at the points desig- 
nating the number of days the fruit had been in store when the 
analysis was made. In a similar way are shown the ratios of solids 
to acids on the acid and solids plate. The scales used are indicated 
in the corresponding plates. : 


TABLE No. 17. 


SHOWING SUMMARY OF CHANGES UNDERGONE BY GRAPEFRUIT 
DUE TO STORAGE. 


Fruits picked February 28th and March 7th and stored for a period of 8 
to 9 weeks. Four hundred and sixty fruits were used in all. 


| | 
2to 5] No No 5716 | 28.06} 40.10 | 8.73} 1.023 | 8.53] 3,690} 5.411 | 1,636 2.25 
9to12; 2 3.13 6/16 | 29.32] 41.53 8.87} 1.003/ 8.80) 3.450| 5.448! 1.90 1,81 
l4to19! 5 7.43 5716 | 29.05} 36.91 | 9.06} 1.01 | 8.97 | 2.863) 5.124 | 2.15 1.33 
21to26| 3 10.40 6716 | 27.78} 38.296; 9.20| 1,096 8.39! 3.176) 5.195} 1.92 | 1.65 
29t032| 17 10,96 6716 | 27,18} 39.53) 9.10} 1,146 | 7.94 | 8,013 | 5.306 | 2.18 1,38 
35to 39) 15 18.26 6716 | 24.30; 37.66 | 9.63} 1,123 | 8.57) 3.316) 5.875) 2.433) 1.36 
49to 50} 23 19.70 6716 | 24.93 | 38.23) 9.10} 0.976 | 9.32 | 3.660) 5.317 | 1.576 | 2,82 
54to57| 24 22.06 6716 | 26.30! 37.86| 9.60} 1.166 | 8.23} 2.850] 4.213/ 1.296/ 1.18 
61to63} 22 23.90 5716 | 23.06 | 36.76 | 9.67) 1.273 | 8.61) 2.752) 4.045) 1.28 2.28 


These tables and the graphs if examined together with due regard 
for the factors of variation that are inseparable from an experiment 
of this nature, will reveal the following facts: , 

1. On storing fruit a certain number of fruits rot, and this 
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number increases as the period of storage prolongs. Taking the 
total number of fruits treated and the total number that went ¢o 
rot, we find in these experiments an almost uninterrupted increase 
in the number of rots, varying (see table No. 17) from 4 per cent 
at the end of the twelfth day, to 4.8 per cent at the end of the 
sixty-third day. In other words, out of a total of (450) fruits stored, 
two rot during the first twelve days, 24 during the week comprised 
between the fiftieth and the fifty-seventh day, and 22 from the 
fifty-seventh to the sixty-third day. 

However, the number of rot fruits that may occur varies much 
according to the condition and the handling of the fruit, as is 
evident from the fact that in two instances 49 and 45 fruit re- 
spectively rotted from two batches containing 150 fruits each, while 
only 24 fruits rotted out of a third batch containing 200 fruits. 

2. The loss in weight of the fruit is another very noticeable 
change undergone by the fruit on being stored. In the table of 
averages this factor increases uninterruptedly from the fifth day 
on to the sixty-third, when a maximum loss of 23.9 per cent oc- 
curred. This successive loss of weight may be also noticed if the 
tables for the different experiments are examined, although with 
slight variations. Among the individual samples, as high a loss as 
27.8 per cent at the end of the ninth week has been observed. The 
average loss for the whole period of storage, however, fluctuates 
between 11.95 per cent and 16.35 per cent. 

3. The percentage of skin, as given by the table of averages, 
decreases somewhat during the period of storage, while the thick- 
ness of the rind remains practically constant within the limits of 
time of these experiments. This decrease in the percentage of the 
skin, is not, however, shown by the fruit in the batch of 200 fruits 
(see table 16), but is clearly shown by the other two batches of 
150 fruits each. All we can say, then, is that there is a tendency 
on the part of the percentage of skin to diminish during the period 
of storage but that this must not necessarily be so. 

4. The percentage of juice diminishes during the storage of the 
fruit. This change is very marked in the 200 fruits batch, is 
present with less force in the 150 fruits batch picked on March 2nd 
(see table 15) and is not noticed at all in the fruit from Mr. 
Dreier’s grove (see table 14). It is, however, fairly well estab- 
lished by the table of averages, and clearly shown by the graph. 
In the graph, the straight line connecting the two extremes of the 


curve has a general slant downward; only two points in the curve 
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appear over this line, and no point in it comes up to the level of 
the first. 

5. The percentages of solids and of acid both increase at about 
the same rate. Notice that the straight lines joining the extremes 
of these curves both slant upward and are ‘practically parallel. 
However, fluctuations are present. especially in the acid curve, 
which reveal original differences among the samples, so that no 
definite conclusion can be made. Notice in the table of averages 
that except for two samples (the 5th and 7th from the top) all 
other ratios of solids to acid lie fairly close together, with no defi- 
nite tendency to either increase or decrease. This again suggests 
that the changes in the solids and the acids, if there were any, took 
effect at approximately the same rate and in the same direction 
This is clearly shown by the diagram. 

6. Now as to sugars: During the last two weeks all sugars 
dropped to their lowest levels. Notice the coincidence that pre- 
csely during these two weeks the acid content was higher than at 
any other time during the experiment (see table 17). It is sig- 
nificant that this drop in the sugar content and increase in acidity 
is manifest in a general way, in each separate batch tested. The 
curves show further that all sugars have a general tendency to 
decrease while the acidity increases, as evidenced by the downward 
slant of the straight lines joining the extremes of the curves. The 
curves themselves, however, show a number of irregularities some 
points falling above and some below the straight lines referred to. 
On examining these variations, notice that with very few exceptions 
the invert sugar and the sucrose curves vary in opposite directions, 
as shown by the approaches and divergences of the points along 
the lines, and the almost total absence of parallelism among the 
different segments of the curves. Attention should be paid to the 
fact that up to the thirty-ninth day of storage the curve for sue- 
rose indicates rather an increase, but that after the thirty-ninth day 
the decline is very marked and evident. Up to the thirty-ninth 
day all points in the curve are higher than the first, while beyond 
this point the reverse is true. On the curves for total sugar there 
is only one point higher than the first, the one corresponding to 
the thirty-ninth day, after which there is an uninterrupted decline. 
The curve for invert sugar declines all along until the thirty-ninth 
day, after which it climbs up to its higest point, practically as high 
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as the first, which it attains on the fiftieth day, to decline again 
until the end. Again, notice that the highest point after the first 
on the invert sugar curve corresponds with the lowest on the acid 
curve, and that the decline in the invert sugar curve following the 
fiftieth day is accompanied by a corresponding climb in the acid 
curve. 

From the above-established facts a number of possible conclu- 
sions can be reached, subject, of course, to further investigation, 
as the writer does not believe that the data at hand are enough to 
claim definite knowledge on the matter. 

1. Care should be exercised in the handling and selection of 
fruit which is to be stored. The methods to be used are not the 
subject of this paper, but may be found distributed in the litera- 
ture on citrus fruit, and are pretty well known now. 

2. Stored grapefruit loses steadily in weight when kept in storage. 
This should not be a matter of any concern to the industry, as fruits 
are not sold on the basis of their weight, but rather of their quality. 

3. The loss in weight of the fruit during the period of storage 
may be regarded as due to evaporation, which brings about a sori 
of natural drying process when no agents of putrefaction are preseni. 
To this loss of moisture should be attributed the loss in weight of 
the skin, and in the proportion of juice, as well as the increase in 
the substances in solution, acids included. That this is so, is evi- 
denced by the fact that, in a general way, there are very little 
changes noticed in the ratio of solids non-acids to acids, which fact 
points to a simple process of concentration. The variations in ratio 
that occur are irregular, and not in any fixed direction. Most of 
the moisture lost, however, seems to come from the skin, as the loss 
in weight from this part of the fruit was nearly 20 per cent of the 
original, while the loss in weight of the juice was only over 8 per 
cent. The loss of water of the skin during the period of storage 
was not enough to cause any shrinkage in the skin, as shown by 
the fact that its thickness did not decrease. 

4. The only chemical changes induced by storage that were no- 
ticeable at all were undergone by the sugars. Up to approximately 
the sixth week of storage, the sugars do not seem to be very much 
affected, but thereafter inversion and decomposition ensue. The suc- 
rose inverts, and the invert sugars in turn, especially after the 
seventh week, decompose into non-sugars. There is a hint that at 
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least a part of the products of decomposition of the invert sugar may 
be acids. This is clearly shown by the curves. If we join by 
straight lines the points in the sugar curves corresponding to the 
thirty-ninth day of storage with the points at the extreme right 
of the corresponding curves, the straight lines for the sucrose and 
the invert sugar curves will be found to diverge, with the invert 
sugar lines slightly slanting downward. This shows both inversion 
of sucrose and loss of invert sugar. On the total sugar curve we 
get a line strongly slanting downward, an unmistakable sign of 
loss of sugar. The upward slant of a line similarly drawn on the 
acid curve supplies the hint of the formation of acids. 


EFFECT OF SWEATING. 


COMPARATIVE ANALYSES OF GRAPEFRUIT OF THE ‘‘DUNCAN’’ VARIETY, 
SWEAT AND UNSWEAT, HELD IN STORAGE FOR THE SAME LENGTH 


OF TIME. 


By sweating grapefruit is meant the process of holding the fruit 
for a definite length of time in a closed compartment in a warm, 
moist atmosphere so as to bring out the color of the fruit. This 
process is illegal when used to conceal unripeness and inferiority 
of the fruit, as in that event the consumer would be led to believe 
that a fruit which is really unfit for human consumption was in 
perfect edible condition. Ripe, good fruit, which is wholesome and 
fit to eat, but which has retained a greenish tinge in spite of its 
ripeness, may be improved in appearance by this method. The 
following experiments were undertaken to determine what changes, 
if any, are wrought in the composition of the fruit by the process 
of sweating. 

It is fitting to introduce the subject by quoting from Mr. Cady’s 
records the notes that he left, which summarize his procedure and 
his observations and conclusions. They follows: 


“‘ONANGES THAT TAKE PLACE IN HOLDING SWEATED AND UNSWEATED FRUIT. 


‘“‘These tests were from five different groves. Eighty fruits were taken 
from each grove and divided into lots of forty each. Forty fruits were sweated 
forty-eight hours at a temperature of from 90 to 95 degrees Fahr. The other 
forty were held in the laboratory for analysis. Ten fruits were analyzed each 
week from the sweated and unsweated lots. Below are three sets of tables show- 
ing averages of the first and last analyses of the five groups. 
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FIRST LOT. 
UNSWEAT FRUIT. 
Soli | ‘id | ‘Total Invert Cane 
Analyzed. Picked. Skin Juice Solids | Acid Ratio. | sugar | sugar | sugar 
| | percent. percent.| per cent.| percent. | per cent.| per cent.| per cent, 
| | | 
Sept. 22_| Sept. 28] 29.35 | 39. 67 | 8.8 1. 42 6.2 | 5.65 | 3.08 2.51 
Sept. 22_| Oct. 26_) 25.18 41.23 | 9:7 | 1.4 6.8 | 5. 28 3. 63 1. 3% 
| | | | 
| i—4.17 1.56 01 | | 60 | 
| | | | | | | 
FRUIT SWEAT 48 HOURS AT FROM 90 TO 95° FAHR. 
| 
Sept. 22_| sept. 28 | 26.20 | 30. 92 9.1 | 1. 40 | 6.4 | 5. 60 | 3.11 | 2.37 
Sept. 22-| Oct. 26_| 22.23 | 45. 73 9.8 | 1.46 6.7 | 5.67 | 3.93 | 1.82 
—3.97 | 14.81 | | | 3 | | .82 | 
| | | | | 
SECOND LOT. 
UNSWEAT FRUIT. 
| | | Total Invert | Cane 
Picked. Analyzed. Skin Juice Solids | Acid | Ratio. | sugar | sugar | sugar 
per cent. | per cent. | per cent. | per cent. ‘per cent. | percent. per cent. 
Oct. 20 -| Oct. 26-_| 27.33 42. 66 9.2 | 1. 28 7.2 | 5.78 3.27 | 2.39 
Oct. 20 -| Nov. 24 | 24.33 46. 06 10.1 | 1. 38 1.38 | 6.19 | 4, 16-| 1.91 
| 
| |—3.00 | 3.40 1.0 | 10 | 1 .41{ —48 
| | | 
FRUIT SWEAT 48 HOURS AT FROM 90 TO 95° FAHR. 
| | | | 
Oct. 20 | Oct. 26_| 26.99 | 42. 8&5 | 9.5 | 1.29 | 7.3 5.17 3. 04 2.01 
Oct. 20 Nov. 24 } 24. 28 | 45.63 | 10.3 | 1.37 | 7.5 6.15 4.19 | 1. 84 
71 | 2.78 | .8| .08 | 2 .98 | 1.15 | —.17 
| | | 
THIRD LOT. 
UNSWEAT FRUIT. 
| | Total ; Invert | Cane 
Picked. | Analyzed.| Skin Juice | Solids | Acid | Ratio. | sugar | sugar | sugar 
per cent. per cent. per cent. per cent. i per cent. | per cent.! per cent. 
Dee. Dec. 28.00 | 42.64] 9.5 1. 23 7.7 5.87 | 8.20 2.45 
Dec. 2 -_| Jan. 5__| 27. 89 43. 66 | 10.0 1.28 7.8 6. 44 | 4. 52 2. 30 
| \ 
| 1.02 | 5{ .05 | 1 | 1. 92 | 
| 
FRUIT SWEAT 48 HOURS AT FROM 90 TO 95° FAHR. 
| 
Dec. 2 Dec. 28.15 42.33 9.8 1.37 | 5. 93 8.40 2.41 
Dec. 2--| Jan. 5__| 20.47 | 41.41 10.0 1. 33 | 7.5 6.19 3.74 2. 38 
| 92 | 08 | 2 26 .84 —.08 


‘*From these figures we find that the ratio in the first lot of fruits increased 


.6 in the unsweat fruit, and .3 in the sweat fruit. 


The ratio in the third lot in- 


creased .1 for unsweat fruit and decreased .2 for sweat fruit, and in the second 
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lot increased .1 for the unsweat fruit and .2 for sweat fruit. The conclusion 
drawn from the above is that grapefruit with a ratio from 6 to 6.5 will increase 
about one-half per cent on holding a month, but when the ratio inereased to 7 


or over there is very slight increase, if any.’’ 


This is as far as Mr. Cady’s notes and comments go according to 
the records found in the files. 

In order to go still farther with this important topic, the writer 
gathered all the analytical data left by Mr. Cady on the subject, 
and sorted and arranged them in different ways, so as to bring 
forth whatever facts they might be made to reveal. From them 
the tables that follow were constructed. 

It appears from the records that six groves were selected and 
marked B, D, E, F, G and H. From each grove eighty fruits were 
collected every month, and each batch of eighty fruits divided into 
two lots of forty fruits each. One of these lots was sweated and 
the other was not. Both lots were stored away in the laboratory, 
and samples of ten fruits each analyzed from each lot simultaneously 
at intervals of approximately one week. This was done from Sep- 
tember 21st to December 8th, 1916. 

The period of sweating varied from 48 to 72 hours. 

A table summarizing the results of all the analyses performed 
is first given. It presents the comparative analyses of all samples 
of sweated and unsweated fruits that were kept for the same number 
of days in storage in the laboratory. In this table the progress of 
the changes taking place during the storage ef the fruit are shown. 

Again graphs have been plotted to show to better advantages 
the points that will shortly be made. In these graphs, as in the 
previous, the abscise stand for number of days in storage and the 
ordinates represent percentages of the item the curve represents. 
The scales used are given in the plots. The ratios of invert sugars 
to sucrose and of solids to acids are represented by vertical lines. 
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TABLE No. 18. 


COMPARISON OF CHANGES UNDERGONE BY FRUIT STORED WITHOUT 
SWEATING AND FRUIT STORED AFTER SWEATING. 


The average of all samples which had been kept the same number of days 
in storage before analyses were taken, and with these averages the following 
table was constructed: 


Number of days 
after picking 


7 to 8 days 
fruit was analyzed 


12to 18days | 19to 23days | 24 to 32 days | 34 to 40 days 


| 
| 


Not 


Not |. Not |. Not 
| Sweat | sweat | SW eat | sweat | Sweat! sweat | Sweat) sweat | Sweat | sweat 
Thickness of skin, 9732. 19764. | 17764" | 17764" | 17764". | | 8732"* | 9739" 
——. number | No 1 oe | 4 15 | 5 | 16 16 | 26 19 
of rot. | | | | | | 
loss in 1.942 | 2.212] 7.286] 5.993 8.737 | 9.30 | 16.966 12,99 14.733} 13.50 
weight. 
Per cent skin. ....; 29,0 | 28,22 | 25,04 | 27,46 | 25.79 | 25.28 | 24,58 | 24.91 | 22.87 | 24,09 
Per cent juice..... 41.01 $1.79 | 42.00 | 42.07 | 42.67 | 42.96 | 42.59 | 42.83 | 46.64 | 44,92 
Per cent solids....; 9,37 9,07 9,20 9.14 9,53 9.60 | 99.99 9.98 9.8L | 9.58 
Per cent acid...... 1,312! 1,967) 1.8731 1.855] 1.400} 1,852] 1.406] 1.390} 1.863] 1.402 
solids to | 7,14 | 7.16 6.70 5.71 6.88.1 7.410 | 7.18 7.19 6.80 
acids, | | 
Invert sugar......; 3.315 | 3.473, 3,046 3.607 | 3.517 | 4.263] 3.90% 3,970 3.756 
asin-! 6,189 5.666) 5.362] 6.440) 5.867 6.259] 5.794 5.787] 5.862 
vert. | 
sugarorsac- | 2.625] 3.015; 1.988! 2.200} 2.691} 2.232; 1.896 | 1.796 1.726 | 2.000 
Ratio of invert | 1,300 | 1.102) 1.746, 1.384 | 1.343 1.575 2.218 | 2.176 | 1,878 
sugar to saccha- | 
TOst 


A study of these curves in connection with the table from which 
they were plotted again confirm the view that the only chemical 
change of importance that occurs in the composition of stored fruit, 
whether it be sweated or not, is the inversion of sucrose and the 
decomposition of invert sugar. 

Looking at the enrves representing the variations in juice con- 
tent, it seems as if the percentage of juice had increased in these 
experiments. This is in opposition to results obtained in the previous 
experiments. However, if we examine the table, we will find a 
marked, almost uninterrupted decrease in the percentage of skin of 
all the stored fruit. In the sweated fruit the range has been much 
wider than in the unsweated fruit, the difference between the per- 
centages of skin at the end of the first week and at the end of forty 
days being 7.13 per cent in the former case and only 4.13 per cent 
in the latter. Notice that the thickness of skin has diminished, 
showing a shrinkage, which together with the diminution in per- 
centage point very clearly to a heavy loss of moisture on the part 
of skin. On the other hand, the percentages of solids and of acids, 
have remained practically constant, the curves indicating only a 
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yery slight increase, due again to a small amount of evaporation from 
the juice, as evidenced by the fact that the ratio of solids to acids 
has hardly suffered any change. This makes it all clear that the 
apparent increase in the percentage of juice has been due to a dis- 
proportional loss of moisture by evaporation from the rind. This 
view is further confirmed by the fact that the increase in the juice 
content appears to be greater in the sweated fruit, just where the 
loss in percentage of the rind is higher. Notice again that the 
highest percentages of juice, which occurred during the last week 
of storage, coincide with the lowest percentages of skin, and the 
highest juice content registered belongs to the fruit with the lowest 
percentage of rind of all. 

The figures for the sugar contents and the curves plotted from 
them explicitly confirm the results obtained in the previous experi- 
ments on storing. Again the invert sugar inereases and the sue- 
rose decreases simultaneously during the period of storage, while 
the total sugars have a slight tendency to decrease. This is better 
shown by the straight lines joining the extremes of the curves. 
The decrease in total sugars is not quite so marked as in the previous 
experiments, but this only confirms our previous statement that it 
was after the fifth or sixth week that the decomposition of sugar 
was very marked. In these instances, however, the decrease started 
after the third week and proceeded at a slow rate. At this same 
time the inversion of sucrose became more pronounced. 

As seen, these changes take place to practically the same extent 
in both the sweated and the unsweated fruit and at practically the 
same rate as shown by the fact that the straight lines joining the 
ends of the curves for a given component are practically parallel, 
cr slant but very little. Whatever small difference there is, is in 
the direction of a faster rate of change for sweated fruit. In gen- 
eral the ratios of invert sugar to sucrose is higher in the sweated 
fruit. 

In conelusion, then, we find that the only change in the chemical 
composition of the fruit induced by storage is in connection with 
the sugars, manifested as an inversion of the sucrose, and a decom- 
position of invert sugar; that this change is affected by sweating 
only to a small extent, making it proceed a little faster in sweated 
fruit. 
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As regards ratio of solids to acids, it is hardly affected at all 
by storage, whether the fruit be stored after sweating or without 
sweating. 

The per cent loss in weight was practically the same in both 
cases, and although the number of rots was larger in sweated fruit, 
the conclusion is by no means justified that it was the sweating 
that caused this difference, as large differences in the number of 
rots have been observed among lots of fruits stored without sweating. 

Sweating, then, may be said not to affect to any material ex- 
tent the composition of the fruit aside from the yellowing of the 
rind. 

These conclusions are further supported by a table left by Mr, 
Cady, which represents the mean composition of sweated and un- 
sweated fruit during the whole season, irrespective of the length of 
time the fruit was stored. As for each sweated sample stored for 
a given time there was always a corresponding unsweated sample 
stored for an equal period of time, the results are, of course, com- 
parable. The table follows: 

TaBLE No. 19. 


TABLE TO SHOW IF THERE IS ANY CHANGE BROUGHT ABOUT BY 
SWEATING. 


Table constructed with the averages of all analyses of sweated and un- 
sweated fruit from six trees, for the period from September 1916 to the middle 
of January 1917. Eighty frvits were picked each month from each of 6 trees 
set aside for the purpose. Forty fruits were sweat and the other forty were not. 
Ten fruits of each lot were separately analyzed each succeeding week. Duncan 
grapefruit from B, D, C, F, G, H plantations. 


Sweat. Not sweat. 
WEE 520 534 
Per cent loss in weight 10.3% 9.0% 
23. 45% 24.18% 
Per cent solid in juice _-__-----~- 9.6% 9.5% 
Per cent citric acid 1.35% 1.35% 
Ratio of aclid to 
Invert sugar ~~ 8.64% 3.55% 
Total sugar as invert 5.49% 5. 74% 
Cane Sugar 1.91% 2.01% 


In this table please notice again the smaller percentage of skin 
with a corresponding larger juice content in the sweated fruit, the 
identity in the percentages of solids, acid, and ratio of solids to 
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acid in both cases, and the differences in the sugars. The invert 
sugar is higher and the cane sugar lower in the sweated fruit, while 
the proportion of total sugars is slightly higher in the unsweated 
fruit. 

To see whether the time of the year when the fruit was picked 
had any effect on these results, a series of tables, five in number 
designated as 20—A, 20-B, 20-C, 20-D and 20-E, were constructed. 
Fach table presents the results obtained with fruit picked from the 
six trees within a given month, and establishes comparisons between 
samples of sweated and unsweated fruit analyzed the same number 
of days after picking. This gives, then, one table for each month 
on which fruit was picked. The averages of each one of these five 
tables for the whole period of storage, as given in the last two 
columns to the right of each, are then grouped together in one table 
for convenience in reference. 

To show comparison between- sweated fruit and fruit which has 
not been sweated, six trees were set aside in six different planta- 
tions and eighty to one hundred fruits picked every month from 
each of the trees. These fruits were divided into two equal lots, 
one lot was sweated and the other was not. Both lots were stored 
away in the laboratory and samples of ten fruits each were peri- 
odically analyzed at intervals of one week, more or less. The aver- 
ages of the results obtained for samples picked on the same third 
of the month and analyzed the same number of days after picking, 
were tabulated, and are presented in these following tables, 20-A, 
20-B, 20-C, 20-D and 20-E. 
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TABLE No. 20-B. 
FRUIT PICKED OCTOBER 6, 1919. 
| 


Average of all 
analyses for 
23 to 24 days 36 days | the whole 
period of 
storage 


12 days 


Number of days after picking 
fruit was analyzed 


sweat) Not | sweat] Not sweat Not sweat Not 


| | sweat | sweat sweat sweat 
| 

64 | 64 | 64 57 64 62 63 
Average 482.5 [475 499 485 490.6 483 
Total Dumber of | No | No No 1 5 1 5 
Per cent skin 28.70 | 25.44 | 23.86 21.59 23 | 25.44 
Per cent juice... | 46.00 78 | 46.18 49.72 47.11 | 46.56 
Pan SOUS 8.50 | 9.20 | 9.06 9.50 9.16 
Per cent loss in weight............. 6.45 | 8.25 | 9.06 | 6.90 16.86 | 10.79 $75 
1:43 | 11495] 1549 | 1.40 | 1.48 1:47 | 1.44 
Ratio of solids to acid.....0........ 6.30 | 5.90 | 6.16 | 6.46 6,26 6.28 , 6,22 
Invert sugar per cent.............. $.21 | $8.21 | 3.36 | 3.038 5.85 8.47 3.20 
Total sugas as invert per cent,..... 5.50 5.14 | 5.30 | 5,05 5.46 5.42 5.24 
Cane sugar, or saceharose percent 2.17 1.80 | 1,81 1.87 1.48 1,82 1.91 
Ratio invert Sugar to saccharose... 1.479} 1.788 1.855} 1.620 2.608 1.904 1.675 


TABLE No. 20-C. 


FRUIT PICKED OCTOBER 20th TO 27th. 


Average of all 
analyses for 
8 days 21 to 22 days 33 days the whole 
Number of days after picking pete ag 
! 
| 
Not | Not | ow Not Not 
| | | 
Average size..... 54 59 59 55 59 56 59 
Average weight. 527.5 501 542.5 (541.5 (625 530.8 531.6 
OF | 5716") 11732) 9732" 9732" 7782", 9782"* 
Total number of rot................ | No j No | 10 | 1 5 | 8 15 4 
COME | 30.71 | 30.42 | 25.59 | 97.90 | ¥5.31 | 24.01 | 9 27.44 
Per cent juice.......... | 40.00 | 42.43 | 39.91 | 44.02 43,74 41,22 
Per cent solids | 9.30 9.90 9.45 | 10,20 | 10.10 9.78 
Per cent loss in weight | 1,85 8.87 7.17 122.65 | 9.65 6.19 
1,26 1.37 1,27 1,42 1.42 1,32 
Ratio of solids to acids | | 7.15 | 7.07 7.41 
Invert sugar per cent 3.58 3.56 3.68 4.28 | 4.03 | 3.74 
Total sugar as invert per cent 5.87 5.99 | 5.98 6.11 | 5.99 5.91 
Cane sugar, or saccharose pereent 2.01 | 2.16 ....... | 2:19 | 1:71 | 1.88 2.08 
Ratio invert sugar to saccharose..., 1.754 | 1.657 )........ | 1.665} 2.50 2.14 1.798 


TasLp No. 


20-D. 


FRUIT PICKED NOVEMBER 3rd TO 6th. 
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| Average of all 
| analyses for 
8 days 18 to 19 days | | 35 days { the whole 
Number of days after picking | 
fruit was analyzed 
Sw Not | sweat Not Sweat | Not | sweat| Not 
| sweat | sweat | | swea at sweat 
---— 
Average 540 57 70 615 (547.5 463.4 49.5 
Total number of rot.............. -| No, No. 1 2 7 12 
REIN, 26.00 | 24.66 | 26.54 | 21.88 | 24, 26.65 
Per cent juice. a 11.388 | 40.72 | 42.27 | 44.31 | 45. 43,03 
Per cent solids 9,15 9.40 9.65 9.97 9.6 9.57 
Per cent loss in weight............. . 2.45 9,95 4.70 | 16.15 | 15.6: 7.60 
1,21 1.27 | 1,22 1,18 1,24 
Ratio of solids to acids............. 7.55 7.35 7.95 8.42 
Invert sugar per cent............... 3.65 3.58 8.95 | 2.70 3.85 3.$ 3.40 
Total sugar as invert percent.....) 5.4 6.11 5.7% | 6,11 6,23 6.2 6.15 
Cane sugar, or saccharose percent 1.24 2.41 1.67 | 2:29 2.16 2.2 2.30 
Ratio invert sugar to saccharose.,) 2.927 | 1.485} 2.365) 1.179| 1.782] 1. 1.478 


TABLE No. 20-E. 


FRUIT PICKED DECEMBER 2nd TO 8th. 


{Average of all 
analyses for 
| 8 days 23 days 32 to 33 days the 7 
eriod 
Number of days after picking BP 
fruit was analyzed | storage 
Not ,s Not Not Not 
Sweat | Sweat Sweat Sweat 
Average size.. | 44 56 | 54 54 54 54 51 55 
Average weight. 515.7 (583.2 541.7 1565.2 (614 530 523.8 43.8 
Average tickness of 5716") 5716} 174” 174” 174” 124") 7732"| 7732" 
Total number of rot.. soeceee] IO 1 4 1 2 10 4 
Per cent skin ..... ee 28,14 | 98.15 | 24.45 | 22.64 | 22.38 | 22.84 | 25 24.54 
Per cent juice. errr .e-| 42.44 | 44.88 | 48.83 | 42.41 | 41.69 | 43.66 | 42.66 43,65 
POP CORE 9.77 | 9.60 | 9.90 | 10.10 | 10.02 | 10.00 | 9.90 9.90 
Per cent loss in weight caei ee eo] 2,26 8.72 | 8.97 11.38 | 15.70 | 15.00 8.97 10,03 
1,27 1.26 | 1,29 1,30 1,33 | 1,28 1,30 1,28 
Ratio of solids to acids... .e| 7,67 7.55 7.65 772 7.47 | 7.75 7.60 7.67 
Invert sugar per cent............... | ‘40 | 3.40 | 3:60 | 3:71 | 3.83 | 3.89 | 3.61 | 3.67 
Total sugar asinvert percent ..... 93 5.93 | 5.80 | 6.06 6.05 | 5.87 5.93 5.95 
Cane sugar, or saccharose per cent} 4.82 | 4.82 | 2.08 2.28 | 2.10 1.86 3.00 2.97 
Ratio invert sugar to saccharose.. 0 708 | 0.705 1.730] 1.663 | 1,823 | 2.091} 1.203) 1.235 
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An inspection of the foregiong tables, especially the last, which 
summarizes the previous five, will again show that the data at hand 
does not show sweating to have any marked effect on the behavior 
of stored fruit. In the same manner, the time of picking of the 
fruit, within the limits of time herein included, may not be said 
to affect either the nature, extent, or the rate of the changes noted. 
With occasional exceptions, the storing of the fruit has had the 
effect of increasing the juice, decreasing the skin, increasing the 
solids and acids, giving a very slight increase to the ratio of solids 
to acids, increasing invert sugar, and decreasing sucrose, to about 
the same extent, and at approximately the same rate, and this irre- 
spective of whether the fruit was sweated or not, or whether the 
fruit was picked in September or in December. 

This may be seen to much better advantage from the following 
table and graph. 

The table was constructed from tables 20-A, 20-B, 20-C, 20-D, 
and 20-E, as follows: The average of the first analyses performed 
after storage on the samples of fruit picked on the same date were 
compared with those of the last analyses, performed at the expira- 
tion of the period of storage, and with the average of all analyses 
performed during the storing of the fruit. This was done for both 
sweated and unsweated fruit. The differences whether positive 
(marked in table with a plus sign) or negative (marked in the table 
with a minus sign) were duly tabulated for each month and each 
component. The differences between the first analyses and the last, 
that is, between the first and the last columns (just before the 
columns of averages), in each of the tables A, B, C, D, E, were 
headed ‘‘Gain or loss of last week as compared with first week’’ 
in the table of reference. The differences between the first analyses 
and the averages, that is, between the first column and the very 
last (designated as ‘‘average of all analyses for the whole period 
of storage’’) in each table, A, B, C, D, E, appear under the heading 
**Gain or loss of average as compared with first week.’’ From this 
column of the table the graph was drawn: 


TABLE TO SHOW THE INFLUENCE OF THE TIME OF PICK 


Day and month 
on which fruit 
was picked 


September 21 to 30- 
October 6(....... 
October 20 to 27... 
November 3to6.. 
December 2 to 8,.. 


Averages...... 


Average ratio Juice per cent Rind per cent 
of solids to 
acid of the 
batehs Gain orloss | Gain or loss | “ain or loss | Gain or loss 
of last week | ofaverage as | Of last week of average 
when com- compared when com- when com- 
pared with first with first week |Pared with first |pared with first 
week week week 
22 | $2 | | SE | | 82 | 2E | SE | 
6.606 6.55 | +2.45 | +0,87 |41.116 | —0.47 | —5.42 | —4,43 | —2.96 | —1.47 
6.23 6.22 | -8.89| +1.52 |+0.98 | +0.56 | —0.35 | —4.92 | +1.06 | —3/96 
7.36 | 7.41] +3.60| +3.75 |+1.87 | +1.92) —5.41/ —6.41 | -3.51 | 
7.82 | 7.72} +3.58| +4.06 | +1.02 | +1.65| - 4.70] | 
7.60 7.67 | --0.75 | —1.22 |40.21 | —1.23 | —5.76 | —5.31 | -3.14 | —3.61 
+2.95 | +1.79 140.91 | +0.84 | —4.38 | —2.16 | ~2.33 | 


1 First analyses made after 12 days of storage and last analyses after 36 days of storag 
ples picked on September 21st—30th, of which the last lots were analyzed after 41 days of 
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TABLE No. 22. 


PICKING ON THE RATE OF CHANGE IN THE COMPOSITION OF STORED GRAPEFI 


33 | +-0.63 | +0.78 


PHYSICAL AND CHEMICAL COMPONENTS 
Solids per cent Acid as citric percent | Ratio of solids to acid Inver 
loss Last week Last week |. Gain or loss | Gain or loss | Gain ork 
age when com- Average When when com- Average when! of last week | of average as | Of last we 
pared with tirst Compared with pared with tirst Compared with when com- laompared with| When co 
h first week first week week | firstweek (paredwith first)” first week with 
| | | 
3 | 3 | 3 | 3 | 3 
BS $2122 $2 22 22 , | 22 | $2 | 22 | GE | SE] 2 
1.47 1,20 | +1.12 | +0.57 | 41.05 —0.01 +0.07 0.00 | +0.08 | 40.89} +0.86 +0.38) 40.40) 41.16) +1 
3,26 0.30 0,83 | +-0.16 0.46 0.05 +0.07 | +0.04 | +0.02 0.04 | +0.46 —0.07 +0.32 +0.64 + 
2.98 +0.70| 40.80 | +0.37) 40.48 +0,09 +0.16 | +0.01 | +0,06 | +0,05 0,28 | +0.26 +0.06 | +0.70) +0 
0.85 +0.72 | +0.75 | +0.29 | +0.42 -0.03; +0.09 +0.01 | +0.03 | +0,82 | +0.10 | +022) +0.17 | +0.22 | +0 
3.61 +0.25 | +0.40 +0.13 0.30 +0.06 +0.02 | -+0.03 | +0.02 | 0.20; +0.20 | —0.07 | +0.12 | +0.43 | +0 
+0.30 | +0.54 | +0.05 | +0.08 | +0.04 0.14 0.21 | +0.63 +0 


storage; 
ays of storage. 


results, then, show changes caused by 24 days of storage. 
This represents, then, changes brought about by 25 to 27 days of storage in one instance 


In all‘others the first analyses was 


| GRAPEFRUIT WHEN SWEATED AND WHEN UNSWEATED. 


NTs 
Invert stigar per cent | Cane sugar per cent Total sugar per cent 
| 
| 
; | Gainorloss | @@i 1 Gain orloss | qaj l Gain or loss 
: ain or loss ain or loss Gain or loss 
s | of last week | ofaverageas | Of last week | ofaverage as | Of last week | of average as 
th| When com- |compared with) When com- |comparedwith| When com- | compared with 
pared with first} "first week pared with first first week pared with first) “grt week 
week week week 
| 
so | | $2 | $2 | 32 | GE | $21 FE | 82 Ee 
+1.16) +1,.29 | +0.77| +0.78 —0.90} —0,92 | —0,33 | —0.43 | +0.21 +0.18| +0.38) +0.80 
2/ +0.64! 40.16 +0.26} —0.01 —0.69} +0.25 | —0.385| +0.11 | —0.04 |} +0.40 0.08 | +0.10 
§ | +0.70) +0.45 | +0,23 | +0.16 —0,16 | —0.33 | —0.16 | --0.08 | +0.36 | +0.12 | +0.20, +0.04 
7} +0.22 | +0.33 | +0.18 —0.1 +0.92 | —0.21 +0.43 | —0.11 | +0.24 |] +0.13 0.00) +0.04 
2} +0.43 | +0.49 | +0.21 | +0.27 2.72} 2.96 | —1,82] —1. +0.12 | —0.06 | 0.00) +0.02 
1} +0.63  +0.54 0.33} 0.20 --0.54] --0.62, —0.44 | —0.47 | +0.18] +0.15 | +0.10 | +0 10 


analyses was made after 8 days of storage, and the last after 33 to 35 days, except the sam- 


one instance and by 33 days in the other. 
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Curves Traced from Table 1 7Juice- acid- solids curves 
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In the graph the vertical lines stand for the composition of the 
fruit at the end of the first week (in the case of fruit picked on 
October 6th the first analyses were performed after 12 days of 
storage), and the deviations are then marked with points, to the 
right of this line when positive, and to the left when negative; that 
is, all increases of the averages over the analyses at the end of the 
first week are represented by points to the right of the vertical line, 
and all decreases by points to the left of the same line. The hori- 
zontal lines crossing the vertical are spaced to represent the time 
of picking of the fruit. 

Referring now to the curves. The curves for juice content cross 
each other frequently, thus showing that no one of the two sets of 
fruits predominates on the other as to their increase in the juice 
content. Two points of the curve for the unsweated fruit stand 
on the left of the vertical, but the fact that one corresponds to 
the fruit picked on September 30th and the other to fruit picked 
on December 4th, proves that this may not be attributed to any 
effect of the time of picking. All other points are on the right, 
thus showing an increase. This is also shown by the table, in which 
the average increase for the unsweated fruit appears slightly lower, 
due to the two irregularities mentioned. 

All points of the curves representing differences in the percent- 
age of skin, except one, stand on the left of the vertical. This 
shows a marked decrease, as evidenced by the table. Notice in the 
table that the average decreases are very near each other, being 
slightly higher for the unsweated fruit. The corresponding poinis 
for the sweated and the unsweated fruit do not lie very far apart 
from each other except for the fruit picked on October 6th. 

The curves for solids follow practically the same course, both 
cn the right of the vertical, their corresponding points lying pretty 
close together. The average increases shown by the table for both 
the sweated and the unsweated fruits differ only by 0.16 in favor 
cf the unsweated fruit. After October 6th most points on both curves 
lie in a line differing but little from a straight line. Again is the 
influence of time of picking absent. 

The acid curve for sweated fruit runs very close to the vertical, 
but this curve as well as that for unsweated fruit begin and end 
(if the points for September 30th are disregarded)! at about the 


*Remember that for the fruit picked September 30th the time elapsed from the first 
to the last analyses was of 33 days, while for he other samples this time fluctuated between 
24 and 27 days. 
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same distance from the vertical. The differences between the aver. 
age increases for the sweated and the unsweated fruit was of only 
.02 in favor of the unsweated fruit must seem natural when the 
fact is taken in consideration that the increase in juice was lesg 
and the decrease in skin more, for this fruit. However, the dif. 
ferences are so small, that no great importance must be attached 
to them. 

The ‘‘ratio of solids to acid’’ curves show fluctuations in their 
courses. The fact that the differences represented by the points for 
the samples gathered October 6th and for those gathered December 
8th are very much the same precludes the possibility of the time 
of picking having any effect on the changes in ratio. According 
to the table, in both cases there has been a slight increase, .14 on 
the average for sweated fruit, and of .21 for unsweated fruit. 

The curves for invert sugar and sucrose are interesting. The 
corresponding curves for both sweated and unsweated fruit begin 
and end in almost coinciding points. Both sucrose curves denoie 
a decrease, and the two curves for invert sugar show an increase. 
Disregarding fluctuations, they indicate the same total amount of 
inversion at about the same rate. This is evidenced by the table, 
where the average increases in invert sugar and the average de- 
creases in sucrose are almost equal for both sweated and unsweated 
fruit. Mark the fact that there was a slight gain in total sugars 
in both cases, and that this gain was identical for both kinds of fruit. 
The rapid turn to the left that the sucrose curves take after No- 
vember 6th would seem to indicate a higher rate of inversion of 
sucrose in the fruits picked December 8th, but please notice that 
there has not been a corresponding sudden increase in invert sugar 
as was to be expected, if inversion to such a great extent had oe- 
curred. In regard to this, we may notice, by turning to table 
20-E, that the percentage of sucrose given there for the fruit ana- 
lyzed after the first week of storage is abnormally high. This may 
be due to differences in the sample. 

The conclusion should be reached, then, that within the limits 
of time covered by the experiment and within the ratios of solids 
to acids represented by the samples tested, the time of picking of 
the fruit has hardly any effect on the behavior of the fruit when 
stored, whether this fruit be sweated or not. 


Summary To Parr II. 


1. Excessive rainfall causes delay in the process of maturation 
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of grapefruit, and makes the fruit contain more juice, but less 
solids and acids. The ratio of solids to acids is lower in rainy 
seasons than when the rainfall is moderate. 

2. The influence of the type soil on the composition and quality 
of the fruit is not very pronounced. Sandy soils seem to produce 
a better quality of fruit than clay soils, but more work along this 
line is necessary before a definite conclusion can be reached. 

3. The chemical composition of the fruit does not seem to af- 
fect the quality of the fruit. Probably the use of fertilizers would 
mark any difference that might be introduced by the chemical com- 
position of the soil. 

4. As regards the influence of the chemical composition of the 
soil on the content of nutritive ingredients of the fruit, both the 
content of phosphoric acid and of potash of the fruit appear to be 
independent of percentage of these ingredients found in the soil. 
Nitrogen is the only element of nutrition the amount of which in 
the fruit may depend on the amount present in the soil. Again, 
the fertilizers used must be taken in consideration. 

5. Sweating the fruit has very little effect on the composition 
of the fruit. The most noticeable change brought about by sweat- 
ing is on the color of the fruit. Fruit that has been stored under- 
goes practically the same changes, whether it has been sweated or 
not, although it may be that the changes undergone by the sweated 
fruit are a little more pronounced than by the unsweated fruit. 

6. The most important changes undergone by grapefruit on stor- 
ing are: 

(a) Loss in weight. 
(b) Inversion of sucrose. 
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